27 August 2003 COATI NG FOR REDUCI NG OPERATI NG TEMPERATURES OF CHAMBER
COVPONENTS OF A COATI NG APPARATUS FI ELD OF THE I NVENTION This invention ~
relates to coatings for conponents exposed to high tenpergtyw,_,@lgs"tz@ggh as
coati ng chanmber conponents of coating apparatuses. Mre particularly, this
invention is directed to a. reflective coating for a coating chanber
conponent - of a coating apparatus, by which the maxi num tenperature

sust ai ned by the conponent during the coating process is reduced. '
BACKGROUND OF THE | NVENTI ON Physi cal vapor deposition (PVD) is a known film
deposition technique that wentails heating a material in a vacuumto a
tenperature at which the material vaporizes and then condenses on a

rel ativel y’cool er substrate. For various reasons, netallic and ceramc

coatings for i i n n sited by PVD. For
exanpl e, el eﬁgﬁﬁﬁgﬁawmgmﬁ@{fﬁﬁ%@@%s used to
produce a desirable columar grain structure for ceram c topcoat |ayers of

thermal bar OFCHaMBRS (TRPOREN TR ARDAITEThepiSEiAl of ten

preferred is yttria-stabilized zirconia (YS gust 2003 nust
be heated to about 4000K to about 4300K to produce- a YSZ vapor that
subsequent |y condenses on the conponent. Gas turbine engine conponents
typically sustain tenperatures in excess of 1700 F (about 927 C) during

coating %EE}SDOF%E &l Stringent

This invention relates to coatings for components exposed to high
temperatures, such as coating chamber components of coating apparatuses.
More particularly, this invention is directed to a. reflective coating for a
coating chamber component of a coating apparatus, by which the maximum
temperature sustained by the component during the coating process is

reduced.
BACKGROUND OF THE INVENTION

Physical vapor deposition (PVD) is a known film deposition technique that
entails heating a material in a vacuum to a temperature at which the material
vaporizes and then condenses on a relatively cooler substrate. For various
reasons, metallic and ceramic coatings for gas turbine engine components are
often deposited by PVD. For example, electron beam physical vapor
deposition (EBPVD) is used to produce a desirable columnar grain structure
for ceramic topcoat layers of thermal barrier coating (TBC) systems. The
ceramic material often.preferred is yttria-stabilized zirconia (YSZ), which
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requirenents to control tenperature uniformty during the coating cycle, a
"wor king zone" is typically established in the PVD coating chanber w thin

whi ch sufficient tenperature and coating vapor uniformty Qammggﬁnggtained
to meet processing requirenents. Conponents to be coated nust be held and
mani pul ated in the working zone of the coating chanber using conpl ex
tooling and fixturing. As a result, this tooling and fixturing is exposed
to the sane elevated tenperatures seen by the conponents receiving the PVD
coating, necessitating that the tooling and fixturing be fabricated from
materials that can survive the high-tenperature coating environment of a
PVD coati ng chanber. Notable exanples are the gears required to rotate
conponents in order to deposit by EBPVD a ceramic |layer with a col ummar

[ t t .w.Though hi gh- terial dtof th
ool i ng. et EBAHGS PeleefIRad Hegh! adi arrodionpovorespmahar
associ at eglugg\%ﬁiﬁgﬂhy conakifg Jneﬁlélcﬁ?z?é&&qys' cal degradation of these

conmponent s, necessitates t repl acenent on a routine basis.
Because of the costs associated with their conplexity and high tenperature
capabi | i tésas iturbinal ehgire coamdrbite tyhichie sUEREN QBAWRi i EPLAY X
conponents, tooling and fi gﬁtri ng ch(I:I?)ullgﬂiyebe reducg%). 2 27 Augl)fg‘tgssz ﬂ(:))3 BRI EF
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conmponent_for use in a high- tenperature coating chanber such as that of a
PVD appar StECTH§ES gﬂ\/@ﬁi‘%ﬁem@rﬁ%? i Eyformfy guring dae ceating cycle, a

t her mal | y"%@fﬂiﬁgtgo‘ﬁ%”qg%bﬁgllg'oéstéﬂi%ﬁ%dolﬂaﬁ{e% coating chamber within

which sufficient temperature and coating vapor uniformity can be maintained
to meet processing requirements. Components to be coated must be held and
manipulated in the working zone of the coating chamber using complex
tooling and fixturing. As a result, this tooling and fixturing is exposed to the
same elevated temperatures seen by the components receiving the PVD
coating, necessitating that the tooling and fixturing be fabricated from
materials that can survive the high-temperature coating environment of a
PVD coating chamber. Notable examples are the gears required to rotate
components in order to deposit by EBPVD a ceramic layer with a columnar

grain structure,

Though high-temperature materials are used to form the tooling” and
fixturing, repetitive high-temperature exposures and associated thermal
cycling results in physical degradation of these components, which
necessitates their replacement on a routine basis. Because of the costs
associated with their complexity and high temperature capability, it would be
desirable if the frequency of replacing PVD components, tooling and fixturing

could be reduced.




chanber conponents that nust repeatedly survive the high tenperatures
within the working zone of a PVD apparatus. The reflective coating serves
as a barrier to radiant heat transfer to the conponent by styefsgetigeg
thermal radiation within the coating chanber, and particul arl y t her mal

radi ati on at wavel engths at which radiant heat transfer to the conponent
is greatest from the surroundi ng chanber environment. In accordance with
this invention, there is provided a coating chanber conponent of a coating
apparatus, the conponent conprising a thermally-reflective coating on a
surface thereof, the coating conprising at |east two adjacent pairs of

| ayers formed of materials that are substantially transparent to infrared
radiation at a predeterm ned wavel engt h, an out ernost | ayer of each of the

pairs of | aBRIEF BEMIUATOY ORArGE mﬁ[ havi ng a hi gher index of
refraction than an inhnernost |ayer © e sanme pair of layers, the

i nnernost |ayer of at |east one of the pairs of layers being thicker than
the outernost |ayer of the same pair of |ayers, the innernost |ayer of a
second of the pairs of |ayers being thinner than the outernost |ayer of

the sane parhe reégeﬁyqﬁ§ eferably forned of a material that
is essentially transpareh%q\getll%tpr% é FE“‘R/&U@Ne fagtese bt ableigheen 500

and 3000 naﬂemmmcwmgdmn&ﬁdshtmasﬂm%? R t-he .out er nost | ayer
of the pair. ma a_hi qher i ndex of refrg\lctlogl ?%raﬁjs 1&?%’?@‘?% of the

Eecondhl aye'cilgjrl Yp‘aF?‘?e f27aAbgmﬂ)20¢f8act m?tcoagﬁ_ %@%ﬁb@' F&&ﬁ{g |hozb2ave
een shown Hagr, r i Vi a coat i ng “chanber
conmponent forned ﬁﬁgoe&gpgf %%% oufe ef’ltﬁﬁﬁ “ﬁ’b&% the higbowmpesatuses

el ect r omagrveithio the wedrkirgt 2oteasfgervh ag,?@ﬁﬁ%}he}&le%ﬁwgoa]hn%osegvrgs which is

wi thin the sgectrumf% t hermal radi ation (near
arrier to radiant heat transfer to the component by reflecting thermal

radiation within the coatmg chamber, and particularly therma! radiation at

wavelengths at which radiant heat {ransfer to the component is greatest from

the surrounding chamber environment.

In accordance with this invention, there is provided a coating chamber component of a
coating apparatus, the component comprising a thermaily-reflective coating on a surface
thereof, the coating comprising at least two adjacent pairs of Iayers formed of materials
that are substantially transparent to infrared radiation at a predetermined wavelength, an
outermost layer of each of the pairs of layers being formed of a material having a higher
index of refraction than an innermost layer of the same pair of layers, the innermost layer
of at least one of the pairs of layers being thicker than the outermost layer of the samé
pair of layers, the innermost layer of a second of the pairs of layers being thinner than
the outermost fayer of the same pair of layers.

Each layer is preferably formed of a material that is essentially transparent to
electromagnetic wavelengths of between 500 and 3000 nanometers {nm). In addition,

the material of the outermost layer of the pair may have a higher index of refraction than
the material of the second layer of ' the pair.




-infrared) emtted by nolten ceramc materials, and therefore the cause of
consi derabl e heating during the deposition of ceramc materi al s.
Accordingly, the operating tenperature of a coating chanbeQ7QQgggqg@§ can
be significantly reduced by the thermally-reflective coating of this
invention. Also reduced are thermal gradients within the conponent, which
particularly 3a 27 August 2003 occur if only a portion of the conponent is
wi thin the working zone of -the <coating chanber. -this. invention also
provides a coating chanber conponent of a coating apparatus, the
conponent, conprising a thermally-reffective coating on a surface thereof,
the coating conprising a plurality of layers in which layers of a first
material alternate with |ayers of a second material so as to define

adj acent pairs of |ayers of the first and second nmaterials, the- first and
second r material s<98 olthisinyentian have baers shavan to insrease the averagei at i on

at a predet glgy- . Qﬁ terl al i.n hi gher 1 ndex
of refraction tﬂgﬁpﬁgqﬁ\ﬁ?%@u& erl aﬁ&c‘gn P%ZF%?‘*?%VS& %?m tof the |
pairs of | ay@% go beirathdro?0t6 dvef ai blRclrbmagné@d wavdbnghdan@dloLitout IBGt | ayer-
of each-of_thqxgﬁirﬁ %%&Ia ers being the second material; the. innernost

| ayers of %t i whichris (veithindthp spegfrumi fok thermab madintion foearnpst
layers of t{ePaiy Smike: i hne er ,of at | east one, ' of the
pairs of Iayer%l bei ngedt Eﬁé}g’#e%%ﬁ# e&%%fsr}earlgr’ma%\d Féegf%l?’r% ¢ K8US Of east one

of the pai reomsiderdlilyet@ating S duplgs Stheptdepsitibal eI &Samit t hQt&Rdd.i ng, the
conbi ned thickness of the innermost |ayers being greater than the conbined

t hi ckness ofciordingly. dhegperating tempepature obr reatirighangherroprpmpent camal t o
their indi Of ; | I S.aldyventd on o urt her provides a physi-cal
vapor depogtﬁsﬁlgﬁj%%fﬁgfg%%@gyyp%es@%‘g‘}éﬂﬁ Forlededd Sharth of hESinfeltion:

Also reduced are thermal gradients within the component, which particularly
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a conponent configured to mani pulate an article being coated with the
apparatus; and a thermally-reflective coating on a surface of the

conponent, the coating conprising at |east two adjacent pgymﬁgg&;kﬁgers
formed of netal oxides that are substantially transparent to

el ectromagneti c wavel engt hs of between 500 and 3000 nanoneters. an
outernost | ayer of each of the pairs of |ayers having a higher index of
refraction than an innernost |ayer of the sane pair of |layers, the '
i nnernost | ayer of at |east one of the pairs of |ayers being thicker than
the outernost |ayer of the sane pair of |ayers, the innernost |ayer of a
second of the pairs' of |ayers being -thinner than the outernost |ayer of
the sane pair of |ayers, the conbined thickness of the innernost |ayers

bei ng great @ckFbdlPe SRS dhetddgkNess .of -the outerpost |ayers by a
factor inversely progorlgl ongl tct)let ey gilscg’ééh’%ftﬁ?éf‘f? § 8Ane of she August
2003 Fr om t keatimpeleambdr. can be seen that the advantages of this invention

include the ability to inprove the life of critical conponents, tooling
and fixturi Myis wsemdion Naldo Broviadd 1 GoShg"BEMeR] &, PVYD coating apparatus. As a
resul t, theag&?&ms He QP AL it%t he g ng}mag;fg?'g?rﬂfé'gig ? e, The
reflective coating of R et ORI Grheanaliysedeqtive pedting ve atsogs@ advant ages
whil e preseffierioh finiceatie womprisily alrisdint bRay&oGO whithWajarh oflyl fUE the coating
Lo be appl i edictial aRbad itk iah@9 bi Moo lateiidl b bl il 000 EESH! L1 nd 10 any
si gni fi cant-,agérg%g%eQFa{ arg% t ol rance - issues.. ne T TiPFE® Yloat i ng of
this invention has al so BedorbiRlerals He fidrand segordi matdislumabige, reduci ng
t he concer nsSybstantplivitianspaient to infaeed dhdistign afa Biﬂdleﬁémin%mhg&ml %.SA and ceram ¢
coatings doseeoitd AdALICANRY la fhighd: Riek Sk rSSldieyC0at LNg, SO that renoval of
any PVD coafjng that is i nadv'%hr tent f(y (5%%8&5% tgn i firsCmaterial, an
: ost layer of each of the pairs of layers being formed of the first material and
an outermost layer of each of the pairs of layers being the second materiaf the
innermost layers of most of the pairs of layers being thicker than the outermost
layers of the pairs of_layers, the innermost layer of at leasf one of the pairs of
fayers being thinner than the outermost layer of the at least one of the pairs of
. layers to suppress optical harmonics in the coating, the combined thickness of the
“innermost layers being greater than the combined thickness of the outermost

layers by a factor inversely proportional to their indices of refraction.

This invention further provides a physical vapar depasition apparatus comprising:

a component configured to manipulate an article being coated with the apparatus;
.and a thermally-reflective coating on a surface of the component, the coating
. comprising at least two adjacent pairs of fayers formed of metat oxides that are
-substgntially transparent to electromagnetic wavelengths of between 500 and
7 3000 nanometers, an outermost layer of each of the pairs of layers having a

higher index of refraction than an innermost layer of the same pair of layers, the
; innermost layer of at least one of the pairs of fayers being thicker than the
{outermost layer of the same pair of layers, the innermost Iéyer of a second of the

- pairs of layers being thinaer than the outermost layer of the same pair of fayers,

_ the combined thickness of the innermost layers being greater than the combined

thickness of the outermost layers by a factor inversely proportional to their indices
of refraction. -




t he conponent can be easily renoved. Ot her' objects and advantages of this
invention wll be better appreciated fromthe follow ng detail ed
description. BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 shopwgupikst 2003
cross-section a portion of a coating chanber conponent wth a reflective
coating in accordance with this invention. Figure 2 is a graph show ng the
refl ectance versus wavel ength plot for a steel specinen having a
reflective coating in accordance with Figure 1.. 4a 27 August 2003 Figure 3

is a graphﬁ@&%@%&b@, {t%&h%ts%@ﬁwte&é%%@@m@ﬂh%ﬁ&{ iffliddincoat ed
steel specinen of the prior art. Figure 4 is graph ‘representing the bl ack
body radi atheabllitpitodmptave the lifle pbstiticancarhpyndnts, atosliagidndz Agtuingconi a by
PVD. DETAI LED, DESCRI PTI OF, THE. | | ON The present inveption is
general |y it the oatingchembnt of a FYG ronfingPparatitsufedgreaelicthesosh gh
Lenper at ur ¢ cpatddig: dR30RARS apPRATRRT JMbad] MTBYPHeGRR dAUREATRE! S 1

i ¢ and“ceram 0 a

whi ch net al C ings are applied to super y articles.
Wi | e t he #nineatioage sbl¥ tot auhievienthesd adwvantigds whilel presenb ord thivkidssesadfer ence t o
a PVD coat|ng p tus, the inventjon i.s geperall. ap I'i;%gle to
appar at usekﬁﬁﬁﬂ% B b 908585?% ?Pé’hg@'it‘?/ég“g taalimg ¢ o
el evated t gHREfALHRE Swithold i%gaiﬁ'ﬂgtgﬁ@aﬁ "B rifiEhe Adithdnfinal GE WiekGle!l 00! 1 NG
and fi xturls’{r?gi are wgll i/novvn inthe art.” A surface porn%"llon o%e a conponent
10, for eximspee Bharflectivd csitingroffthistinventiat has ds®beaafdungl afpavayus is
Fepr esen.t eﬂa}c{' and durab gcrteélggm:grt]he concertt for damage due to handling. Finally,

| PVD metallic and ceramic coatings do not adhere well to the reflective

. coating, so that removal of any PVD coating that is inadvertently deposited on

the component can be easily removed.

Other’ objects and advantages of this invention will be better
appreciated from the following detailed description.

* BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows in cross-section a portion of a coating chamber component

with a reflective coating in accordance with this invention.

Figure 2 is a graph showing the reflectance versus wavelength plot for a steel

specimen having a reflective coating in-accordance with Figure 1. .
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Figure 1. For use within the working zone of a typical PVD coating chanber,
the conponent 10 is preferably formed of a material capable of w thstanding
tenperatures in excess of about 1000 F. Suitable materialsafofqf&goRur pose
i ncl ude nickel -based _ alloys, including N -based superalloys Such as
HASTELLOY X(r). Coating chanber conponents outside the working zone my be
formed of | ower tenperature materials, including stainless steels and
copper and i.its alloys. The conponent 10 represented in Figure 1 is shown as
having a nultilayer coating system 14- deposited on a surface of its
substrate 27 August 2003 12 by such nethods as sputtering and ion plasma
deposition. According to this invention, the coating system 14 pronotes
the reflection of infrared radiation emtted by the coating chanber

heat i ng ﬁﬁurce as well as. the ogger surfaces within the chanber that emt

infrared %‘dT%?i‘érf" gtaph sbewuing dhe mgfpetanee FepusdwieaRismgah (rlet feusnai ned
during t%cggﬁﬁgﬁlggﬁ%?ﬁﬁgn Oﬁt{%olg’ﬁ‘grlr%% exanple is the nolten pool of

zirconia pres or m ng barrier coating of YSZ by EBPVD.
The coating system 14 (not shown to any particular scale) is shown in

Fi gur e 1 FigSrec@ndr h Siaghl fidresaiios tA6 . bl ; f y.c..omterials,
whi ch wi | lg:gre di sc%?gd iti)@(g)lvow as %ai redé%aygrggaﬁ%}%gogntgﬁgﬁg&% IS
wi t hi n t ideposibin eff ytiridrstabilineshtiromia bgtP\EDy nunber of paired |ayers coul d
be used. The significance of using pairs of |layers is based on the optical
construction interference effect of two materials that are transparent to
t he wavel engths of interest, but have different indices of refraction to
achi eve phase augnentation of the wavel engths to be reflected by the

comonenbgﬁAIL@}ng@@%@Nm ZPE ANVENTIONPPr eci at e that phase

augnentation requires ea pairr

The present invention is generally directed to components, tooling and
fixturing used in high temperature coating chambers, and particularly PVD
coating chambers in which metallic and ceramic coatings are applied to
superalloy articles. While the advantages of this invention will be described
with reference to a PVD coating apparatus, the invention is generally
applicable to apparatuses in which components must repeatedly survive

exposures to elevated temperatures.

PVD coating apparatuses and their required tooling and fixturing are well
known in the art. A surface portion of a component 10, for example a gear,
tool or fixture, of a PVD coating apparatus is represented in cross-section in
Figure 1. For use within the working zone of a typical PVD coating chamber,
the component 10 is preferabiy formed of a material capable of withstanding
temperatures in excess of about 1000 F. Suitable materials for this purpose
include nickel-based _alloys, including Ni-based superalloys such as
HASTELLOY X®. Coating chamber components outside the working zone
may be formed of lower temperature materials, including stainless steels and
copper and its alloys. The component 10 represented in Figure 1 is shown as

having a multilayer coating system 14-deposited on a surface of its substrate
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| ayers 16/ 18 and 20/22 to have different indices of refraction, with the
| ayer nearest the source of radiation (e.g., layer 18 of paired Iayers
16/ 18 and layer 22 of paired |ayers 20/22) haV|ng t he h|gb¢a“?n§g%
addition, the layers of a given pair preferably have differe t hi nesses
based on the wavelength to be reflected and their respective indices of
refraction according to the quarter- -wave equation: t = /4n 6 27 August

2003 where t is the required thickness of a coating |layer in nanoneters,
(lanbda) 1is the wavel ength of interest in nanoneters, and n is the index

of refraction of the coating |ayer material. The four-|ayer coating system
14 shown in Figure | has the advantage of providing a bal ance between

per formance (reflectivity) and processing and cost considerations, though

the d t b h wi.th addit | F
~exanpl 6. rﬁfs’ﬁfﬁdg ﬁtﬂ#ﬁe%a%?u % ggﬁdpntﬂém@ofgq'ﬁﬁon%s%%ﬂng%ﬁref. eved
to be in Lﬁ I?f tH?ebQ w%tﬂ ebhotedehd reREGSY -4e9 é a?réﬁc o armi ¢

(SI Xt een pal I’S el ng pre err per OI’ mance reasons.

mat er i al sradgatidrhenditty@s &@ cobBing2haiilber2Redtiig stlfrcs 8k VA&l 8 Yhe bligr i des
and netal oxides such as silica ('Si02), alumna (A1203), titanita. (TiO02),

tantal a (Smm;: withirc the ehqmbepjhattdroiti lafr(afmatdEMnma)mmmld))dfdheu( Nb205) ,
t hough ot tﬁé es coul d be used.., These nmaterials can be S&at e%orl zed for
s'§ i

pur poses ites sistainede Auging, the qogdingnpegcessmat ableFor

| e, d I
relativel$ o%@fﬁdﬂiiiﬁo?éff’ Rl 5065 Bl {ieh ot BRI 1. o5
barrier coating of YSZ by EBPVD.

The coating system 14 (not shown to any particular scale) is shown in Figure 1
as comprising four layers 16, 18, 20 and 22 of ceramic materials, which will be
discussed below as paired layers 16/18 and 20/22, It is within the scope of
this invention that any number of paired layers could be used. The
significance of using pairs of layers is based on the optical construction
interference effect of two materials that are transparent to the wavelengths of
interest, but have different indices of refraction to achieve phase
augmentation of the wavelengths to be reflected by the component 10. Those
skilled in the art will appreciate that phase augmentation requires each pair of
layers 16/18 and 20/22 to have different indices of refraction, with the layer
ﬁearest the source of radiation (e.g., layer 18 of paired layers 16/18 and layer
22 of paired layers 20/22) having the higher index. In addition, fhe layers of a
given pair preferably have different thicknesses based on the wavelength to
be reflected and their respective indices of refraction according to the quarter-

wave equation:

t= /4n



to about 1.7, while titania, tantala, zirconia. and ni obi um oxi de have

hi gher indices of refraction, generally in the range of about 2 to about
2.3. Wile oxides are preferred materials for the layers 364} t%@g3and 22
of the coating system 14 because of their high tenperature capability, it
IS possible that other materials could be used if they neet the
requirements for thermal stability at the maxi num service tenperature of

t he conponent 10, transparency to the wavelengths of interest, and provide
i ndices of refraction conpatible with the reflectivity sought for the
coating system 14, Based on the quarter-wave equation noted above, suitable
t hi cknesses for the 27 August 2003 coating system 14 will be dependent on
the materials used and the nunber of |ayers that formthe coating system

14. Also fromt.he equat.ion, .the coating . layers with the | ower indices of
refracti d’ﬁﬁ?rg. s ?hgge%mecgg}lcg%%pg abcé’apﬁ‘ggﬁléﬁr Iy pEOTRRETS, qy dambda)h t he

hi gher 1 g ¢t d ” re articularly, for
par'rod | aySre aRploreth BF Hiefest i RanorBedlarkf hiia Mt Fodsh o6 sefigeBop ot e

| ower - i ndh& coaty®s ldy@r natetifil. and 20) is preferably thicker than its paired
hi gher-index |ayer by a factor inversely proportional to their indices of
refraction. In one exanple, layers 16 and 20 are silica, while |ayers 18
and 22 dhe fqurdayer ceadeg systenmdidcelsoeh ineFigareibhasfthabadstantage afd 2. 2

bot veen SBURIGE baREC] HOVRRR RSHQsARCF dF PURSHBAD) rel Praseingnsastnass | or
e . S5 ARG 0 M O Bl
total thadditteslfpirddilyaoatFoidesapRMaldiiilé hurhP&NoP aydls e thange of
about 394 to 734 nm Mre generally, a multilayer

coating system 14 is believed to be in the range of about sixteen to fifty, with

thirty-two layers (sixteen pairs) being preferred for performance reasons.

Suitable ceramic materials for the layers 16, 18, 20 and 22 include refractory

fluorides and metal oxides such as silica (SiOz), alumina (ALOs), titania

(TiOy), tantala (Tax0s), zirconia (ZrO.), thoria (ThOz) and niobium oxide

(Nb20s), though other oxides could be used. These materials can be

categorized for purposes of this invention as either high or low index

materials. For example, sputtered refractory fluorides, silica and alumina

have relatively low indices of refraction, generally in the range of about 1.25

to about 1.7, while titania, tantala, zirconia and niobium oxide have higher

indices of refraction, generaﬂy in the range of about 2 to about 2.3, While

oxides are preferred materials for the layers 16, 18, 20 and 22 of the coating

system 14 because of their high temperature capability, it is possible that other

materials could be used if they meet the requirements for thermal stability at

the maximum service temperature of the component 10, transparency to the

wavelengths of interes;, and provide indices of refraction compatible with the

reflectivity sought for the coating system 14.

Based on the quarter-wave equation noted above, suitable thicknesses for the



reflective coating systemin accordance with this invention is able to
achi eve the advantages of the invention with a total coating thickness of
less than 5000 nm with a suitable thickness range being abaugudGBoso
about 4000 rum As a particularly suitable enbodiment of this Irnvention, a
thirty-two |layer coating systemwas devel oped with alternating pairs of
silica and titania |layers. This coating systemwas eval uated during an

i nvestigation in which the thermal radiation characteristics of HS188
cobal t - base all oy speci nens were determ ned under conditions
representative of a PVD coating operation. Figure 4 represents the

el ectromagnetic radiation spectrumtypical during the deposition of YSZ by
EBPVD, during which a zirconia ingot is heated to a tenperature of about

" the 1 0gatEeYEERS T B A B nE i eTiaedtd 53 Ripntelbmes and
2000 nM JayerEQhaf AR thS QBat\M% '%g%ﬂ%?n 34- 1 RyS rﬁ&ﬁ%e”&y%%ﬁf g}uta h&gﬁgﬁé ed

pol i shed 188 speci nmens wer so eval uated. Accor a of

Fi gure 3laydre withfthedbiver irydioés ofi eefuasival &g s D6 @inde20)hdudd ba tiddefUm at
wavel engt hs bel ow 500 nan1 and gradually increased to about 77% at 2000 nm
and abouttham@bg dayeseovith the higher indierspof refractiona(pes.r 28 landt 23)i t Mooé about

{ange. ovERHISHRER. d0E IR IBES. AHEURS oP BIECK BaAVert wersiongdneti o
radiatio ' m | eargjfe bl Yo PVD, Because
t her mal Q?‘%S%’??Benlﬂ%é&g%‘tﬁtgﬁgﬁg Féqngf EE I N ?@?iesd}l) I%g%lsgaélyoﬁé 5%%55%% st o0 about
1x106 nmpaired)ighthindexf lagei by agaofor ifiterdalgoaiopdrEoral toahemandiel afi vel y

| ow for thernal
refraction. In one example, layers 16 and 20 are silica, while layers 18 and 22
are titania. Based on indices of refraction of about 1.5 and 2.2 for silica and
titania, respectively, if radiation having a wavelength of between about 700
and 1300 nm is to be reflected, a suitable thickness for the silica layers 16 and
20 is about 117 to 217 nm, and a suitable thickness for the titania layers 18 and
22 is about 80 to 148 nm. The total thickness for this coating system 14 would
then be in the range of about 394 to 734 nm. More generally, a multilayer
reflective coating system in accordance with this invention is able to achieve

the advantages of the invention with a total coating thickness of less than 5000
nm, with a suitable thickness range being about 100 to about 4000 nm.

As a particularly suitable embodiment of this invention,'a' thirty-two layef
coating system was developed with alternating pairs of silica and titania
layers. This coating system was evaluated during an investigation in which
the thermal radiation characteristics of HS188 cobalt-base alloy specimens
were determined under conditions representative of a PVD coating operation.
Figure 4 represents the electromagnetic radiation spectrum typical during the
deposition of YSZ by EBPVD, during which a zirconia ingot is heated to a
temperature of about 4000K to about 4300K. As evident from Figure 4,

radiation is predominantly in the range of between 0.2 and 2 micrometers (200
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PVD coat
woul d be

even higher operating tenperatures for the conmponent.

ing operation. In practice, the surface of an HS188 co

radi ation (780 to about 2000 nm preval ent during the deposition of YSZ by
EBPVD. The low reflectivity of an uncoated conponent

pronote the anmount of radiant heating of the conponent tha§27g@§g§gﬁ2g§

in this range would

gring a

oxi di zed, resulting in a reflectivity closer to 40% and therefore

speci men coated according to the teachings of this invention, the
ered layers (e.g., layers 16 and 18, respectively, of Figure 1)

odd- nunb
were sil

respectively,

| ayers o
2003 Lay
4Ti 2119
10Ti Q273

Ica while the even-nunbered | ayers (e.g., layers 20 and 22,

In the 32-1ayer

of Figure 1) were titania. The thicknesses of the individual

f this specinen-are indicated in the followng table. 9 27 Augusg
er terial Thi ckness (nm 1Si 02187. 27 2Ti O2138. 00 3Si 02344.1
o 0

"7-91 6Ti 02120. 25 7Si 02166. 05 8Ti 0291. 16 9Si 021583.

.03 ,
For comparison with the 32-layer coating system, uncoated polished HS188

specimens. were also evaluated. According to the data of Figure 3, the
reflectivity of one uncoated specimen was at a minimum at wavelengths
below 500 nm, and gradually increased to about 77% at 2000 nm and about
80% at 3000 nm, with a computed average reflectivity of about 70% between
380 and 1500 nm, which as evidenced by Figure 4 is the general range over
which a considerable amount of black body electromagnetic radiation energy
is emitted during the deposition of YSZ by EBPVD. Because thermal
radiation is generally in the infrared range of about 780 to about 1x106 nm (1
mm), the reflectance of the uncoated specimen was relatively low for thermal
radiation (780 to about 2000 nm) prevalent during the deposition of YSZ by
EBPVD. The low reflectivity of an uncoated component in this range would
promote the amount of radiant heating of the component that occurs during a
PVD coating operation. In practice, the surface of an HS188 component
would be oxidized, resulting in a reflectivity closer to 40% and therefore even

higher operating temperatures for the component.

In the 32-layer specimen coated according to the teachings of this invention,
the odd-numbered layers (e.g., layers 16 and 18, respectively, of Figure 1)
were silica while the even-numbered layers (e.g., layers 20 and 22,
respectively, of Figure 1) were titania. The thicknesses of the individual

layers of this specimen-are indicated in the following table.

74



11Si 0285. 10 12Ti 0271. 10 13Si 02131. 15 14Ti 02121. 40 158 02134. 27 16Ti 02184. 65
is 27 August 2003 _ 17Si O226. 22 18Ti O2136. 39 19Si O222. 37 20Ti O279. 27

21Si O2111.99 22Ti O268. 03 23Si Q247. 77 24Ti (258. 36 25Si Q214759%,, %TB%%()? 91
27Si 0295. 29 28Ti O251. 64 29Si O291. 91 30Ti O239. 22 31Si O2323. 08 32T .57 11

Layer No. Material Thickness (nm)
1 S0, 187.27
2 TiO; 138.00
3 5i0; 344.10
4 TiO, 119.81
5 5i0, 197.91
6 TiO2 120.25
7 Si0O. 166.05
8 - TiOs 91.16
9 SiOs 153.74
10 TiO, 73.03
11 SiO» 85.10
12 TiOs 71.10
13 SiOs 131.15
14 TiO2 121.40
15 5i0; 134.27

16 TiO2 184.65

i0




27 August 2003 From the above, it can be seen that the thicknesses of the
silica layers ranged from about 22.37 to about 344.10 nm and had a

conbi ned thickness of about 2266 nm The thicknesses of theaugtdogs! ayers
ranged from about 39.22 to about 184.65 nm for a conbined thickness of
about 1522 nm The total coating thickness was about 3788 nm wth the
total thickness of the coating attributable to silica and titania being
inversely proportional to their respective indices of refraction. Based on
the quarter-wave equation, it can be wunderstood that the different

t hi cknesses for individual |ayers were intended to cover the range of
wavel engths desired to be reflected, with the silica |layer of each pair
typically being thicker than its paired titania layer. The silical/titania
t hi ckness rat?g for indiviggyal pairs of [|ay. was not limted to being
the inverse of the indices of refraction of"$iTica and titania (1.5/2.2). -
I nstead, the thickness ratios can be seen to range from about 0.19 to about
5.25. The rea$®n for thisTwasi ance was, fonsgsgonplex reflective coating,
very thin layers (e.g., layers #17 & 19) were included to suppress
harnmonics, resulting in overall enhanced performance over a broad
frequency band? The ternbiQonpl ex" as used2®re is neant to be in
reference to the different indices of refraction for the coating | ayers,
the differing terial pr?ﬁgrties of the ggy s, and the demandi ng
application intended for 2 coating. As s fromFigure 2, the
reflectivity of the HS188 specinen coated in accordance wth this

i nvention waspgonsi der abl gjcyi gher at the | ppeggend of the thermal

radi ati on spectrum as conpared to the uncoated conponent of Figure 3, with
a conputed average reflectivity between 380 and 1500 nm of about 90% The
high reflecti22ty of the Tt ed specinen i %83 s range woul d

23 SiOs 47.77
24 | TiO 58.36
25 SiO2 147.85
26 TiO, 107.91
27 SiOs 95.29
28 . TiOs 51.64
29 5i0; 91.91
30 TiO, 39.22
31 Si0O; 323.08

32 TiOs 61.57
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significantly reduce the amobunt of radiant heating that occurs with an
HS188 conponent during a PVD coating operation. Based on the above
results, it 12 27 August 2003 will be understood that coatbpg\ gysii@@s of
this invention- would also conpensate for the relatively poor reflectivity
of steel at wavelengths of less than about 1500 nm Wile the invention
has been described in terns of a preferred enbodinent, it s apparent that
other fornms.could be adopted by one skilled in the art, such as by
substituting other suitable coating and substrate materials, or by
utilizing various nethods for depositing the coating layers. Accordingly,
the scope of the invention is to be [imted only by the follow ng clains.
13 27 August 2003 What is claimed is: 1. A coating chanber conmponent of a

coati N9 APRAAKY oSy CARANER QTR Aol PRI TSflective coat i no

on a surface thereof, the coating conprising pairs

of | ayer sfroof abdupp2.8Rt6aboliE 34080 ndh EarlREE ANddrAbintdt thaisRas Sp{ab&?t
infrared radiation.at a predeterm ned wavel engt h, an outernost [ayer of

each of tBe66 pai.r Ihef thickmessedeof e ftﬁarnhdlag;érsa}:aregﬁlr freim fa@v&:leQQf@zlht'cgher
1nd f f ' than an inpernpst |ayer of the sane pair o ayers,
![ Eee?nger%}g@itaig%/gg g, g‘t)r Resmbyird ghickpess phiaboubflbPaymms Hdientptahi cker

e e TN Db TR TRy S O B LRSS |
of the samgeripaiabloftd akes ardl #ras0AtbdifigChHAREslyC YBEORNNAEStS Sfel2d 1N
claim1, whereinthe conponent with
respective indices of refraction. Based on the quarter-wave equation, it can be
understood that the different thicknesses for individual layers were intended
to cover the range of wavelengths desired to be reflected, with the silica layer
of each pair typically being thicker than its paired titania layer. The
silica/titania thickness ratio for individual pairs of layers was not limited to
being the inverse of the indices of refraction of silica and titania (1.5/2.2).
Instead, the thickness ratios can be seen to range from about 0.19 to about
5.25. The reason for this variance was, for a complex reflective coating, very
thin layers (e.g. layers #17 & 19) were included to suppress harmonics,
resulting in overall enhanced performance over a broad frequency band. The
term “complex” as used here is meant to be in reference to the different

indices of refraction for the coating layers, the differing material properties of

the layers, and the demanding application intended for the coating.

As seen from Figure 2, the reflectivity of the HS188 specimen coated in
accordance with this invention was considerably higher at the lower end of
the thermal radiation spectrum as compared to the uncoated component of
Figure 3, with a computed average reflectivity between 380 and 1500 nm of
about 90%. The high reflectivity of the coated specimen in this range would
significantly reduce the amount of radiant heating that occurs with an HS188

component during a PVD coating operation. Based on the above results, it
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the coating has an average reflectivity of at |east 90% for el ectronmagnetic
wavel engt hs of about 380 to about 1500 nanoneters. 3. A coating chanber
conponent as recited in claim1, wherein the outernost |ayey aghustidpgspair
of layers is a material selected fromthe group consisting of titania,
tantala, zirconia and niobi um oxi de, and wherein the innernost |ayer of
the pair of layers is a material selected fromthe group consisting of
refractory fluorides, silica and alumna. 4. A coating chanber conponent as
recited in claim1, wherein the conbined thickness of the innernost |ayers
of the pairs of layers is greater than the conbined thickness of the
outernost |ayers of the pairs of |layers by a factor inversely proportional
to their indices of refraction. 5. A coating chanber conponent as recited

in clai mJlIvwber ghdedsbsod Okt 'EbatPﬁ% %gslremsc KJ3e Bisis © e 19O a?s\%gm 4000

nanoneters. 6. A coating chanmber cOnpOnent as recited I'n claiml, erein

the i nner ommpehsatefonthe edativelly pdur fedlettviey of ayeil it Ragvaabng g f 164
refraction of about 1.25 to about 1.7, and the outernost |layer of each of

t he pairst qb&%rl@%a@-an i ndex of refraction of about 2.0 to about 2. 3.
14 27 August 2003 7. A coating chanber conmponent as recited in claima1,

wh int . . . I rS.,of, .| bstantial |y tre nt
sner e n syl L P Loy LOMEES e subelantal L asou
coating clRafikeROMAe M RSmsCOUlE bel zﬂicfﬂt@&"ﬂ o é"’@ﬁﬂl‘%ﬁﬁ#@ﬁe aﬁg, cgtg ar e

conprises sixteen to fifty alternating l"'ayers of two materia

subst ant i@ by substipaingnbtiter siitibler echtirggliaaid cabstratavedtenalshsoobybet ween
500 and 3000 nanongters. 9. A coating chanber conponent as recited’in claim
1, wherej %hlg%gdl@g{qqﬁgmggmsifgéglepom g the coating layers. Accordingly, the

scope of the invention is to be limited only by the following claims.
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[ i [ i [ | ayers of titania, an
sixteen layers of silica alternating with sixteen
I nner nost Yayer of the coating being silica and an outernost |ayer of the

[ being titania, the layers of silica having thi ckngsss@,@ugfzoo:g
g?:ﬁltin%g Wi t% the innernost |ayer of the coating and concl uding \im8t7h2$
silica |l ayer adjacent the outernost |ayer of the coating, about2 18 ,
344.10, 197.91, 166.05, 153.74, 85.10, 131.15, 134.27, 26.22, 22. Cen
111.99, 47.77, 147.85, 95.29, 91.91 and 323. 08 nm _respect!vel Y, i’;m e
| ayers of titania having thicknesses of, starting with a titania |ayer

' i ] : [ luding with the
adj acent MAmtiselainmmids: | ayer of the coating and conc
ou{ernnst | ayer of the coating, 138.00, 119.81, 120.25, 91.16, gi.ogé -
71.10, 121.40, 184.65, 136.39, 79.27, 68.03, 58.36, 107.91, 51.64, :

and 61. 571Mpoat&@mh1beﬁbdmpdrfént&&@@dtlh@%pﬁ@l%mefhe% %ﬂgﬁtco gl ted in
laim1; s _confrgured ate rPﬁV"Plcle
goat ed in°t héér%@g%quﬁaﬁvz?%ép%ﬂ grRa ST'f[aceAthé'@&"f |ﬂﬁ®c@a‘i'a91§=empnan@¢hba'st twe recited

i n cl ai m adjatent phies ofdayens ferinRd oPmalirialstAbt ark A0RLaHRAP BLA R ARBA A1 US ng

whi ch t onponent IS
Eﬁ\;mr)]gr acg'fri;%}c)erqé' ?'g@?n ac‘ﬁfﬁ ?tﬁﬁ"l“gﬁ%gﬁgﬂféﬁ thi acodeimashlayer ofeaphiofthey a
Lo Jatsiar yersing iineg op il Ay & AhEPhded Biefi8Blh i faEP "9 ®
ers
Pgsre?!sl E)]Y a%osg%gérsﬁglt“g‘? ?adT‘e pgl()oéqur & theinneenestjlaice af atdedst snebf thayer s of

Heh ei ng
SUBSt ANt ALy LT ADSRaTam L o A roE ot bt 3 e P Bl s B 200

predet erm N érﬁ'og{fg %ﬁ%@%‘ﬁ%ﬁt @ BAIRefianess baing thinmesghan fhegharmpstdex of

i f each of the
ti dayerohthe sahe fair sftia erial, an innernost |ayer o
:)gngco:‘ aIwayers bei ng‘iforrneygvet of the first material and an outer npst | ayer

of each of the pairs of |ayers being the
2. A coating chamber component as recited in claim 1, wherein the component with

the coating has an average reflectivity of at least 90% for electromagnetic
wavelengths of about 380 to about 1500 nanometers.

3. A coating chamber component as recited in claim 1, wherein the outermost layer of
the pair of layers is a material selected from the group consisting of titania, tantala,
zirconia and niobium oxide, and wherein the innermost layer of the pair of layers is a

material selected from the group consisting of refractory fluorides, silica and alumina.

4. A coating chamber component as recited in claim 1, wherein the combined
thickness of the innermost layers of the pairs of layers is greater than the combined
thickness of the outermost fayers of the pairs of layers by a factor inversely
proportional to their indices of refraction.

5. A coating chamber component as recited in claim 1 , wherein the coating has a
thickness of about 100 to about 4000 nanometers.

6. A coating chamber component as recited in claim 1 , wherein the innermost layer of
each of the pairs of layers has an index of refraction of about 1.25 to about 1.7, and

the outermost layer of each of the pairs of layers has an index of refraction of about
2.0 to about 2.3.
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second material, the innermost |ayers of npst of the pairs of l|ayers being
thicker than the outernost |ayers of the pairs of layers, the innernpst

| ayer of at |east one of the pairs of l|ayers being thlnnegymmagﬂghg3
outernost |ayer of the at |east one of the pairs of layers to suppress t
optical harmonics in the coating, the conbined thickness of the |rnernDs
| ayers being greater than the combined thickness of the outernpst igerz
by a factor.inversely proportional to their indices of refractlﬁn. d A
physi cal vapor deposition apparatus conprising: a conponent configure
mani pul ate an article being coated with the apparatus; and ah .
thermal [ 'y,rgef a surface of the conponent, the coating

conpri si ng %ﬁﬁ-@ \%ﬁgé{ﬁ %ﬂ,e@h?s fRgited ngglaima s avhereip theemalstialesf the ox :c des
that are Bmmfmahﬂewubsuaampafaﬁ@barbﬁt @'M%%H&%Wé&e@éﬁ-ﬁ%gt hs o

net er —an outernost layer of the pairs
gftrgigrgg%@?ﬁgéggﬁ?gw"w é’@f refraction than an innernost |ayer of 7
the sane pair of |ayers, the innernopst Iayer of atfleﬁst one ofrtgfe pairs
of |ayer | [ than the out er of the sanme pai
| ayers, S? ﬁﬁ&ﬁﬁé%%ﬁ ©f SMIRONgHL 35 1 ?8@?541‘8 Céﬁ'mt hahgein the spating eansprises ng

t hi nner tdixeen tme’fmaitemmSg IayéawfItw@fna'&élf%:@ﬂhﬁ?a@%hbs@ﬁtldligl/r%%arﬁ) ﬁ'ﬁoconb' ned
reater than

:E: gtgg:%nﬁ%m{j E%d'%tt@) egt lef@% 1598138?' 3PPR earaamsterspr opor t i onal to
their indices of ref ract | on. 14. A phy5| cal vapor deposition apparatus as
recited ignp with the coating has a

reflectivi tgéo?)' H%\%% eas?ggm}n?rgrasé @gﬁ%ﬁ'é&ﬂétWBererO@p@af@gmmnsemout 380
to about Sk fﬁman’éslmasaltehﬁatmgupﬂhm@ai layESR OF tiRRROSH Hn@ﬂn%s?%}%ﬁbﬂjs as

s a _thi ckness out 100 to
recited iy Eéa?rh?géﬁlg g ﬁd B lon ermogltt Peq' of tha coating being titania, the layers
about 4000 nm

of silica having thicknesses of, starting with the innermost layer of the coating and
concluding with a silica layer adjacent the outermost layer of the coating, about
187.27, 344.10, 197.91, 166.05, 153.74, 85.10, 131.15, 134.27, 26.22, 22.37, 111.99,
47.77, 147.85, 95.29, 91.91 and 323.08 nm, respectively, and the fayers of titania

- having thicknesses of, starting with a titania layer adjacent the innermost layer of the
coating and concluding with the outermost layer of the coating, 138.00, 119.81,
120.25, 91.16, 73.03, 71.10, 121.40, 184.65, 136.39, 79.27, 68.03, 58.36, 107.91,
51.64, 39.22 and 61.57 nm, respectively.

10. A coating chamber component as recited in claim 1, wherein the component is
configured to manipulate an article coated in the coating apparatus.

11. A coating chamber component as recited in claim 1, further comprisiﬁg a physical

vapor deposition apparatus having a coating chamber in which the component is
mounted.

12. A coating chamber component of a coating apparatus, the component comprising
a thermally-reflective coating on a surface thereof, the coating comprising a piurality
of layers in which layers of a first material alternate with layers of a second material
so as to define adjacent pairs of layers of the first and second materials, the first and
second materials being substantially transparent to infrared radiation at a
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2003 16. A physical vapor deposition apparatus as recited in
graﬁﬁ?fgf mgerein thepcgating conprises a first |layer adjacent the surfﬁce
of the conponent, a second layer on the first layer, a thQ7QMP §E tde
second |l ayer, and a fourth layer on the third layer, the firs t |g
| ayers being formed of silica, the second and fourth layers belng_forre_
of titania_ |17. A physical vapor deposition apparatus as reC|ted |n.c|a|m
13, wherein the coating conprises sixteen to fifty layers of materia ﬁ f
that are substantlally transparent to infrared radiation at wavel engths o

bet ween 5@&@@@%@@@@1 RicSsechRd nixtdHyy ﬁb\ﬁﬁé a hiRer .nQS,pgﬁ,le},Ja&ﬂ, appar at us
as remte%érﬂ .2 Jf wherein the coating npri ses Si Xteen
silica al ter ngfg ’"F%"W gifpl.AnJpResmoptigyerof gach Pfttaﬁparrs afriayarﬂbelngﬁm‘mddayer of
t he coati nfthedi rstgnatemaltaadaﬁdnuﬁdﬁmaslt@féﬂb?%aé]@fgfé% Binfé &‘?afe?%faéuﬂgt e ”9

[

|t Inagplrrgst P "Igarx%fs"alt Sé'@{?ﬁSﬁggﬁgg@Bﬁﬁqqﬁmwmﬁ fayar Ssbelmg:ﬂmdkayéuan ad j acent

t he out ertfmautdam;ost lagérstdfithe m'@fdfl%ersamzégﬁ%%rﬁ%iﬁ%y E@éét ,%9?701“% 1349851685039

éi?g?angg%@%%fd%’%ﬁ# P%i’l?’ﬂ ?w ‘Be ogfesmpstdayer g theat sfast onenofithe paivs ofgy
t hi cknesskgersfto sapmress ogtical Hadmanich inPth 2obMie Thea&in?&ﬁégthch t-f\%s'&'&?é’ most | ayer

th the outéernost coat i ng,
igst 88 7 bé'@%‘&%{ﬁc %Qgéj_’le?r: fw “t‘.%cc’f'?‘z'n?_@fhl%msm@%hqeutefrmstla@rsa9 79. 27,
03, / Brbpbedi ly. 17 COATI NG
68. 03, Sy 36actarOiiueddely ﬁbpﬁﬂhona% BirandicdlofSdration | espect i ve
FOR REDUCI NG OPERATI NG TEMPERATURES OF CHAMBER COVMPONENTS OF A COATI NG

APPARATUS ABSTRACT OF THE DI SCLOSURE
13. A physical vapor deposition apparatus comprising:

a component configured to manipulate an article being coated with the apparatus:
and

a thermally-reﬂe&ive coating on a surface of the component, the coating comprising
at least two adjacent pairs of layers formed of metal oxides that are substantially
transparent to electromagnetic wavélengths of between 500 and 3000 nanometers,
an outermost layer of each of the pairs of layers having a higher index of refraction
than an innermost layer of the same pair of layers, the innermost layer of at least one
of the pairs of layers being thicker than the outermost fayer of the same pair of layers,
the innermost layer of a second of the pairs of layers being thinner than the outermost
layer of the same pair of layers, the combined thickness of the innermost layers being
greater than the combined thickness of the outermost layers by a factor inversely
proportional to their indices of refraction. |

14. A physical vapor deposition apparatus as recited in claim 13, wherein the -
. component with the coating has a reflectivity of at least 90% for electromagnetic

wavelengths of about 380 to about 1500 nanometers.

15. A physical vapor deposition apparatus as recited in claim 13, wherein the coating
has a thickness of about 100 to about 4000 nm.
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onent (10) for use in a high-tenperature environment such as the
?bggrﬁg chanéer)of a PVD apparatus. A reflective coating (14) on the
component (10) serves as a barrier to radiant heat transfep7hagidi®eoos
conponent (10) by reflecting thermal radiation. The coating (14) conprises
at least one pair of reflective layers (16, 18, 20, 22), each layer (16,
18, 20, 22) being forned of a nmaterial that is essentially transparent to
el ectromagnetic wavel engths of between 500 and 3000 nanonmeters (nm). In
addition, the material of the outernost |ayer (18, 22) of the pair (16,
18, 20, 23f habysicalvgperrdepasition aparatiis as teditad irhetsint 16; whetdh th cdaing t he

other | ayepmphdsshrsPibydiRah tht 1A ofthe c&%&dneﬁt,% stcond layer on the
first layer, a third layer on the second layer, and a fourth layer on the third layer, the
first and third layers being formed of silica, the second and fourth layers being formed
of titania.

17. A physical vapor deposition apparatus as recited in claim 13, wherein the coating
comprises sixteen to fifty layers of materials that are substantially transparent to
infrared radiation at wavelengths of between 500 and 3000 hanometers.

18. A physical vapor deposition apparatus as recited in ¢laim 13, wherein the coating
comprises sixteen layers of silica alternating with sixteen layers of titania, an
innermost layer of the coating being silica and an outermost layer of the coating being
titania, the layers of silica having thicknesses of, starting with the innermost layer of
the coating and concluding with a silica layer adjacent the outermost layer of the
coating, about 187.27, 344.10, 197.91, 166.05, 153.74, 85.10, 131.15, 134.27, 26.22,
22.37, 111.99, 47.77, 147.85, 95.29, 91.91 and 323.08 nm, respectively, and the
layers of titania having thicknesses of, starting with a titania layer adjacent the
innermost layer of the cbating and concluding with the outermost layer of the: coating,
138.00, 119.81, 120.25, 91.16, 73.03, 71.10, 121.40, 184.65, 136.39, 79.27, 68.03,
58.36, 107.91, 51.64, 39.22 and 61.57 nm, respectively.
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